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Abstract

Hair follicle homeostasis is influenced by hormonal pathways, the scalp microenvironment,
and environmental stressors such as pollution, UV radiation, and oxidative stress. Elissara®,
a polyphenol-enriched botanical ingredient, has shown benefits for scalp moisturization,
barrier function, sebum regulation, and redness. Building on these scalp-level benefits, we
investigated Elissara’s effects on follicular signaling, survival-associated biomarkers, oxida-
tive damage, and androgen-related pathways as potential contributors to follicular health,
using in silico, in vitro, and ex vivo models. Molecular docking (AutoDock Vina) of the
main Elissara bioactives (oleuropein, hydroxytyrosol, verbascoside, carnosic acid, carnosol,
and quercetin) identified SRD5A2 as a favorable predicted target, with individual binding
energies ranging from −8.70 to −9.73 kcal/mol, approaching finasteride/dutasteride ref-
erence values. As an exploratory approach, simultaneous multi-ligand docking showed
favorable global docking outputs for several targets, indicating that multiple bioactives
could be structurally accommodated within complementary regions of the binding site.
In human follicle dermal papilla cells, Elissara significantly increased BrdU incorporation
to 245.70% of control at 0.002% and reduced SRD5A2 protein levels by 18.48% at 0.006%.
In human scalp explants, Elissara at 200 µg/mL increased β-catenin, Bcl-2, and collagen
IV under basal conditions and counteracted acute PM2.5/UVA-induced alterations in β-
catenin, Ki67-positive cells, Bcl-2, IGF-1, collagen IV, and protein carbonylation. Together,
these findings support the potential of Elissara as a promising nutricosmetic ingredient
for supporting follicular resilience through multiple follicle-relevant pathways. Clinical
studies assessing hair growth outcomes are needed to determine whether these preclinical
findings translate into measurable benefits.
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1. Introduction
Hair quality, and particularly hair loss, represents a major concern affecting millions

of individuals worldwide and has a substantial psychosocial impact in both genders. Hair-
related disorders are highly prevalent globally [1]. While androgenetic alopecia (AGA)
accounts for the majority of chronic pattern hair loss, affecting approximately 50% of
men and 25% of women by the age of 50 [2], acute conditions such as telogen effluvium,
autoimmune disorders such as alopecia areata, and environmental or chemical damage
also contribute to the growing burden of hair-related disorders [1].

Hair growth occurs in a continuous process characterized by four phases: anagen
(growth), catagen (transition), telogen (resting), and exogen (shedding). In the human scalp,
approximately 85% to 90% of hairs are in the anagen phase, while the rest are in catagen,
telogen, or exogen [3]. Premature hair loss occurs when the normal hair growth cycle is
disrupted, leading to excessive shedding and/or progressive follicular miniaturization [4].
Hair loss is a multifactorial condition driven by a complex interplay of genetic, hormonal,
and inflammatory processes, with environmental and lifestyle factors further modulating its
onset and progression [1]. Genetic predisposition is a major determinant in conditions such
as AGA, the most common form of progressive hair thinning [2]. Androgens, particularly
dihydrotestosterone (DHT), contribute to shortening of the anagen phase and progressive
hair follicle miniaturization, while declining estrogen levels in women, particularly during
peri- and postmenopause, may further contribute to hair thinning [2,5]. Two isoforms of
5α-reductase, type 1 and type 2, catalyze the conversion of testosterone to DHT, with type 2
being highly relevant in androgen-sensitive hair follicles and considered a key mediator of
AGA [6]. DHT binding to androgen receptors in genetically susceptible follicles triggers a
cascade that shortens the anagen phase, increases apoptosis, and progressively miniaturizes
hair follicles [7].

Beyond genetic predisposition and hormonal drivers, current research highlights the
critical role of external factors, collectively referred to as the exposome, in modulating
hair health. These factors include environmental stressors such as airborne particulate
matter, such as PM2.5, ultraviolet radiation (UVR), nutritional deficiencies, and chronic
stress [8,9]. The scalp provides the biological microenvironment in which pre-emergent
hair fibers develop, and its physiological integrity directly influences hair growth and hair
quality [10].

Airborne pollutants and UVR induce excessive reactive oxygen species (ROS) pro-
duction and activate the aryl hydrocarbon receptor (AhR) pathway, thereby triggering
inflammatory and oxidative responses associated with follicular dysfunction [9,11,12]. Ox-
idative stress is currently recognized as a key contributor to both environmentally induced
and age-related hair loss [13–15]. Individuals with active hair loss exhibit increased ox-
idative damage and reduced antioxidant defenses in scalp tissues compared with healthy
subjects [16,17]. Hair follicles are particularly sensitive to this oxidative burden, which
disrupts the balance of the hair growth cycle, prematurely shifting follicles from the anagen
phase to catagen and telogen phases [14]. This disruption can lead to conditions such as
telogen effluvium, where hair prematurely enters the shedding phase, ultimately resulting
in increased hair shedding, hair thinning, and reduced hair density [14,15]. In addition,
AhR overexpression has been detected in miniaturized follicles from women with female
pattern hair loss, further supporting a mechanistic link between environmental exposure
and follicular dysfunction [18].

Due to the limitations and side effects of pharmacological conventional hair loss
treatments, natural and botanical-based approaches have gained interest as multi-target
strategies with generally favorable tolerability. Extracts such as green tea, saw palmetto,
ginseng, and pumpkin seed oil have been investigated for hair growth-supporting effects
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through mechanisms including 5α-reductase modulation, dermal papilla cell proliferation,
antioxidant and anti-inflammatory activity, and anagen phase support [19–22].

In this respect, Elissara® (formerly Zeropollution®) is a patented, polyphenol-enriched
botanical combination composed of standardized extracts of Lippia citriodora, Olea eu-
ropaea, Sophora japonica, and Rosmarinus officinalis. This proprietary formulation delivers a
specific fingerprint of bioactive compounds, including verbascoside, oleuropein, hydrox-
ytyrosol, quercetin, and rosemary-derived diterpenes (carnosol and carnosic acid) [23].
These phenolic constituents are widely recognized for their antioxidant, anti-inflammatory,
photoprotective, and anti-pollution properties [24–30].

Previous studies demonstrated that this botanical combination can counteract UV- and
pollution-induced oxidative stress, inflammation, and AhR-related responses [31]. Initially
developed for protection against pollution-induced skin damage [31,32], Elissara subse-
quently showed clinically relevant scalp health benefits in a randomized, double-blind,
placebo-controlled study involving 66 women. Oral supplementation with 250 mg/day for
12 weeks significantly improved scalp moisturization and reduced transepidermal water
loss, sebum levels, and scalp redness [33]. Self-reported assessments revealed that 78.8% of
participants reported improved hair quality, while 75.8% noted increased brightness and
damage resistance [33].

Although these preliminary preclinical and clinical outcomes suggested a protective
role of Elissara on scalp and hair condition, its direct effects on follicular biological path-
ways had not yet been elucidated. Interestingly, several individual bioactives present
in this botanical blend have been associated with mechanisms relevant to hair follicle
biology, including Wnt/β-catenin and growth factor-related signaling, dermal papilla cell
protection, anti-inflammatory and antioxidant activity, reduced apoptosis, and follicular
activation [34–38]. Therefore, the present study aimed to investigate whether Elissara
could influence molecular and cellular pathways associated with hair follicle homeostasis
and follicular resilience using an integrated in silico, in vitro, and ex vivo approach. First,
molecular docking and multi-ligand simultaneous docking were performed with the main
polyphenolic compounds present in the botanical blend to explore their potential interac-
tion with protein targets involved in key mechanisms of hair growth regulation. Steroid
5α-reductase type 1 (SRD5A1) and steroid 5α-reductase type 2 (SRD5A2) were selected as
androgen-related targets because they catalyze the conversion of testosterone into DHT,
a central mediator of follicular miniaturization in AGA [6]. β-catenin was included as
a core effector of Wnt signaling, which is essential for anagen initiation and follicular
regeneration [39,40]. B-cell lymphoma 2 protein (BCL-2) was selected as a marker of anti-
apoptotic signaling and follicular cell survival [41,42], whereas insulin-like growth factor
1 receptor (IGF-1R) was included because its signaling supports dermal papilla activity,
matrix keratinocyte proliferation, and hair shaft elongation [43,44].

These computational analyses were complemented by in vitro experiments in human
follicle dermal papilla cells (HFDPC), a key cellular population involved in hair cycle
regulation and androgen-dependent follicular miniaturization [45]. In this model, Elissara
was evaluated for its capacity to promote cell proliferation and modulate SRD5A2 levels.
Finally, ex vivo human scalp explants were used to assess whether the ingredient could
influence follicular biomarkers in a more physiologically relevant context. The selected
biomarkers included β-catenin, Bcl-2, and IGF-1, reflecting growth-related signaling and
follicular survival; Ki67, as a marker of proliferative activity [46]; collagen IV, as an indicator
of basement membrane and extracellular matrix integrity [47,48]; and protein carbonylation,
as a marker of oxidative damage [49,50]. These endpoints were evaluated under basal
conditions and after PM2.5/UVA-induced environmental stress. This multi-level strategy
aimed to determine whether the previously observed scalp-protective effects of Elissara
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could be mechanistically linked to direct support of follicular resilience and hair growth-
related pathways.

2. Materials and Methods
2.1. Experimental Product

The test item was a patented botanical ingredient protected by the ES2689105B8
patent and related international patent family WO2019211501A1 [23], commercially avail-
able food supplement ingredient under the registered name Elissara® (trademark family
Zeropollution®) supplied by Monteloeder SL. (Suannutra group, Elche, Spain). The ingre-
dient is a blend of four standardized botanical extracts: Rosmarinus officinalis leaf extract
standardized in diterpenes, Olea europaea leaf extract standardized in oleuropein and hy-
droxytyrosol, Lippia citriodora leaf extract standardized in verbascoside and Sophora japonica
extract standardized in quercetin. In total, w/w this blend comprises a minimum content
of the following phenols: diterpenes (sum of carnosic acid and carnosol) 4.5%; oleuropein
4.5%; hydroxytyrosol 1.5%; verbascoside 6.8%; and flavones as quercetin minimum 3.7%.
These main compounds were identified and quantified by HPLC-DAD analysis, comparing
retention time and UV spectra of the peaks in samples with those of authentic standards
as previously described [32]. As Elissara is a pre-established, patented, and commercially
available standardized botanical blend, the present study was designed to evaluate the
biological activity of the complete ingredient rather than to optimize the formulation ratio
or compare isolated constituents and pairwise combinations.

2.2. In Silico Molecular Docking Analysis
2.2.1. Active Compounds and Ligand Preparation

The active compounds evaluated in this in silico study were the main bioactive con-
stituents associated with the Elissara botanical blend. The selected compounds were
verbascoside, quercetin, hydroxytyrosol, oleuropein, carnosic acid, and carnosol.

Canonical Simplified Molecular Input Line Entry System (SMILES) strings, Interna-
tional Chemical Identifier Keys (InChIKeys), and three-dimensional structure-data file (SDF)
structures were retrieved from PubChem for each compound: verbascoside, compound
identifier (CID) 5281800; quercetin, CID 5280343; hydroxytyrosol, CID 82755; oleuropein,
CID 5281544; carnosic acid, CID 65126; and carnosol, CID 442009.

In addition to the botanical test compounds, target-specific reference control molecules
were included to support methodological comparison. Venetoclax, also known as ABT-199,
PubChem CID 49846579, was selected as the reference compound for B-cell lymphoma 2
protein (BCL-2), based on its established binding mode as a BH3-mimetic at the hydropho-
bic BH3-binding groove [51]. For β-catenin, iCRT14, PubChem CID 5288209, was used as
the primary reference because it has been described as a small-molecule inhibitor of the
β-catenin/TCF transcriptional interaction [52]. The β-catenin/TCF4 interaction interface
was further supported by structural information from Graham et al. [53].

For insulin-like growth factor 1 receptor (IGF-1R), an ATP-competitive benzimidazole-
class inhibitor of the IGF-1R kinase domain was used as the reference compound, based on
its compatibility with the ATP-binding cleft of the receptor structure used for docking [54].
For steroid 5α-reductase type 1 (SRD5A1) and steroid 5α-reductase type 2 (SRD5A2),
finasteride, PubChem CID 57363, and dutasteride, PubChem CID 6918296, were included
as pharmacological reference inhibitors of the dihydrotestosterone (DHT) biosynthesis
pathway [55]. B-Sitosterol, PubChem CID 222284, was also included as a natural reference
for both 5α-reductase isoforms [56].

All botanical compounds and reference control molecules were processed using the
same ligand preparation workflow. Ligand structures were prepared using AutoDock
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Tools 1.5.7. Non-polar hydrogens were merged, Gasteiger–Marsili partial charges were
assigned, and all rotatable bonds were defined as active. The prepared ligand structures
were subsequently exported in Protein Data Bank, Partial Charge and Atom Type (PDBQT)
format and used for molecular docking without additional geometry optimization. Ligand
protonation and tautomeric states were not independently optimized for a defined pH; the
molecular states present in the structures retrieved from PubChem were retained during
preparation. This represents a limitation of the docking workflow because alternative
ionization or tautomeric states may affect predicted poses and scores.

2.2.2. Molecular Target Selection, Receptor Preparation, and Docking-Site Definition

Molecular targets were selected based on published evidence linking the selected
proteins to hair follicle biology, androgen metabolism, apoptosis regulation, Wnt/β-
catenin signaling, and growth factor-mediated follicular activity. Complementary bioin-
formatic resources, including GeneCards [57], the Human Protein Atlas [58], STRING [59],
STITCH [60], and the Reactome Pathway Browser [61], were consulted to corroborate
gene function, tissue and cell-type expression, pathway context, and known protein- or
compound-association networks.

Five molecular targets were selected to represent distinct regulatory nodes relevant to
hair follicle biology and androgen-related follicular regulation: steroid 5α-reductase type
2 (SRD5A2), steroid 5α-reductase type 1 (SRD5A1), B-cell lymphoma 2 protein (BCL-2),
β-catenin, and insulin-like growth factor 1 receptor (IGF-1R).

Experimental structures were obtained from the Protein Data Bank when available.
For SRD5A1, an AlphaFold-predicted structural model was used due to the lack of a suit-
able experimentally resolved human structure. Receptor structures were prepared using
AutoDock Tools 1.5.7. Water molecules, non-relevant heteroatoms, and co-crystallized
ligands were removed, except when used as structural references for binding-site defi-
nition. Polar hydrogens were added, Kollman charges were assigned, and the prepared
receptor structures were exported in Protein Data Bank, Partial Charge and Atom Type
(PDBQT) format.

Binding-site definition was based on crystallographic ligand positions, the literature-
reported active-site annotations, and complementary structure-based pocket analysis using
DoGSiteScorer [62] through the ProteinsPlus web server (https://proteins.plus/, accessed
on 5 March 2026). DoGSiteScorer was used to evaluate whether the selected docking
regions corresponded to structurally defined and chemically plausible binding pockets.
This analysis was used as methodological support for binding-site selection and grid-box
placement, but it was not treated as an independent quantitative endpoint.

Docking grid boxes were centered on the known or predicted binding site of each
receptor. For receptors with co-crystallized ligands, the grid center was defined according
to the ligand-binding region observed in the crystallographic structure. For SRD5A1, the
docking region was defined using structural alignment and literature-supported residues
associated with the steroid-binding cavity. A grid spacing of 0.375 Å was used throughout
the study.

For multi-ligand simultaneous docking (MLSD), the same grid centers used in the
individual docking protocol were retained, and the search box was expanded by 10 Å
in each direction to allow accommodation of multiple ligands within the binding region.
This expansion was intended to cover the original pocket and adjacent subcavities while
avoiding a shift in the search towards unrelated surface regions.

The receptor structures and grid box parameters used for each molecular target are
summarized in Table 1.

https://doi.org/10.3390/biom16081207

https://proteins.plus/
https://doi.org/10.3390/biom16081207


Biomolecules 2026, 16, 1207 6 of 29

Table 1. Receptor structures and grid box parameters used for molecular docking.

Target Structure Used Grid Center
X, Y, Z Å

Grid Dimensions
X × Y × Z Å

SRD5A2 7BW1, X-ray, 3.0 Å −28.826, 17.949, 28.959 21 × 21 × 21

SRD5A1 AF-P18405-F1-v6,
AlphaFold model −13.266, 2.112, 3.680 23.9 × 23.9 × 28.8

β-Catenin 1JDH, X-ray, 2.2 Å −5.671, 8.506, 37.775 30.3 × 25.0 × 33.6
BCL-2 4MAN, X-ray, 2.0 Å −15.634, 15.175, 5.010 20 × 28 × 28
IGF-1R 2OJ9, X-ray, 2.6 Å 9.442, 1.491, 20.205 14.6 × 20.2 × 18.9

Grid centers and dimensions are expressed in Å. SRD5A1 was modeled using AlphaFold due to the
absence of a suitable experimental structure.

2.2.3. Molecular Docking and Interaction Analysis

Molecular docking simulations were performed using AutoDock Vina 1.1.2 imple-
mented in PyRx 1.2 with a rigid-receptor approach and ligand flexibility allowed through
rotation around non-terminal, non-ring bonds. For each ligand–target pair, five indepen-
dent docking runs were performed using standardized settings (exhaustiveness 8, nine
output poses, energy range 4 kcal/mol). The three lowest-scoring poses across the complete
output set were retained for descriptive analysis. AutoDock Vina docking scores expressed
in kcal/mol provide a computational estimate of relative binding favorability for pose rank-
ing and comparison within the same docking protocol, but they should not be interpreted as
experimentally determined binding free energies or direct quantitative measures of affinity.
The same protocol was applied to all botanical compounds and reference control molecules.

The use of a fixed receptor structure was particularly appropriate for the initial as-
sessment of poses within binding regions previously defined using co-crystallized ligands,
functional annotations, and cavity analysis. Consequently, the results were interpreted as
estimates of geometric compatibility with the structural conformation used and not as a
complete representation of protein dynamics or the induced fit associated with binding.

MLSD was used to evaluate the collective binding behavior of the bioactive com-
pounds present in Elissara within each selected binding site. In this approach, the full set
of Elissara-representative compounds was docked simultaneously to assess whether the
ligands could coexist within the same binding pocket, occupy complementary subpockets,
preserve relevant protein–ligand interactions, or instead compete for overlapping regions
and induce mutual displacement. These simulations were interpreted qualitatively as
exploratory structural assessments rather than as quantitative affinity measurements or
evidence of biological activity, additive affinity, or synergistic interactions.

Post-docking interaction analysis was also performed. Residues located within 4.5 Å
of each ligand were identified, and interactions were classified as conventional hydrogen
bonds, hydrophobic contacts, π-alkyl interactions, alkyl interactions, or van der Waals
interactions. Conventional hydrogen bonds were defined by a donor-acceptor distance of
≤3.5 Å and a donor–hydrogen–acceptor angle of ≥120◦.

Two-dimensional interaction diagrams of representative complexes were generated us-
ing PoseView through the ProteinsPlus web server. These diagrams supported residue-level
interpretation and were complemented by three-dimensional visual inspection. Residues
recurring in at least two of the three retained poses were considered consistently involved in
ligand recognition and were prioritized in the results. When available, interaction profiles
were compared with previously described pharmacophoric residues for each target. For
MLSD, poses were visually inspected to determine whether ligands could coexist within
the same binding site in a chemically plausible pose. Actives were considered structurally
compatible when they occupied complementary subpockets, preserved favorable interac-

https://doi.org/10.3390/biom16081207

https://doi.org/10.3390/biom16081207


Biomolecules 2026, 16, 1207 7 of 29

tions, and showed no relevant steric overlap. Combinations were considered competitive
or inconclusive when ligands overlapped within the same binding region, displaced one
another, or adopted unrealistic orientations. Multi-ligand docking scores were not inter-
preted as individual affinities or as the sum of single-ligand docking energies; instead,
results were evaluated by integrating docking score, spatial coherence, absence of steric
clash, conservation of relevant contacts, and occupation of compatible subpockets.

2.3. In Vitro Efficacy Study in HFDPC
2.3.1. Cell Culture Conditions

Human Follicle Dermal Papilla Cells (HFDPC) (C-12071, manufactured by PromoCell
Gmb, Heidelberg, Germany) were cultured according to the supplier’s instructions under
standard conditions at 37 ◦C in a humidified atmosphere with 5% CO2 until reaching
80–90% confluence. Cells were seeded in 96-well plates (VWR International, Radnor, PA,
USA) and allowed to adhere overnight prior to treatment.

2.3.2. Reagents and Test Samples

PBS, PrestoBlue reagent, DMSO, ethanol, penicillin-streptomycin, and Dermal Cell
Basal Medium and trypsin were obtained from VWR Chemicals (Leuven, Belgium). The
Cell Proliferation ELISA BrdU (colorimetric) kit and Human SRD5A2 ELISA kit were
obtained from Antibodies (Cambridge, UK). Epidermal growth factor (EGF) from Sigma-
Aldrich, Merck (St. Louis, MO, USA), finasteride was purchased from Thermo Fisher
Scientific (Waltham, MA, USA), and testosterone was purchased from IBL International
GmbH (Hamburg, Germany).

2.3.3. Cytotoxicity Assay

Cytotoxicity was assessed according to ISO 10993-5:2009 [63]. HFDPC were treated
with eight concentrations (0.0004%, 0.0008%, 0.0015%, 0.003%, 0.00625%, 0.0125%, 0.025%,
and 0.05%) of Elissara for 24 h, with five technical replicates per concentration. After
treatment, cells were washed with PBS and incubated with PrestoBlue reagent for 3 h
at 37 ◦C. Absorbance was measured at 570 and 600 nm using a microplate reader (BMG
LABTECH GmbH, FLUOstar Omega, Ortenberg, Germany). Raw absorbance values
were exported from the instrument software, and cell viability was calculated relative to
untreated control cells. Concentrations maintaining viability above 70% were considered
non-cytotoxic and were selected for subsequent studies.

2.3.4. Proliferation Assay

Cellular proliferative potential was evaluated through the incorporation of 5-bromo-
2′-deoxyuridine (BrdU) during DNA synthesis, using the Cell Proliferation ELISA, BrdU
(colorimetric) kit (Antibodies, Cambridge, UK). This method quantifies cell proliferation
based on DNA replication activity [64]. HFDPC were treated for 24 h with two non-
cytotoxic concentrations of Elissara, with the aim of evaluating biological activity rather
than establishing a complete dose–response curve. After treatment, BrdU was added and
incubated according to the manufacturer’s instructions. DNA synthesis was quantified
by optical density measurement. Untreated cells were used as a negative control, and
treated cells with Epidermal Growth factor (EGF) at 10 nM were used as a positive control.
Two independent experiments were performed, each including four technical replicates
per condition. Cell proliferation was expressed as a percentage relative to the negative
control using the following equation: % proliferation = (sample/C−) × 100, where “C−”
corresponds to the mean absorbance of untreated cells.
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2.3.5. Effect on 5α-Reductase Type II (SRD5A2) Levels

Modulation of Elissara on 5α-reductase type II protein levels was evaluated using a
Human SRD5A2 ELISA kit (Antibodies, Cambridge, UK). HFDPC were treated for 24 h with
two non-cytotoxic concentrations of Elissara. HFDPC treated with testosterone (120 µM)
were used as the androgen-stimulated control, and finasteride (50 µM) was included as a
reference control. After incubation, cells were collected, lysed, and SRD5A2 levels were
quantified according to the manufacturer’s instructions. Results were normalized to cell
viability. Two independent experiments were performed, each including four technical
replicates per condition. The percentage of reduction was calculated relative to the testosterone-
treated control using the following equation: % reduction = [(T − sample)/T] × 100, where
T corresponds to the mean signal of the testosterone control.

2.3.6. Statistical Analysis

Data were analyzed using JAMOVI (Version 2.5, Sydney, Australia). Outliers were
identified using the interquartile range (IQR) method and excluded prior to statistical
analysis when considered technical or instrumental deviations. For each assay, the final
number of analyzed replicates is indicated in the corresponding Section 3 or figure legend.
Data normality was assessed using the Shapiro–Wilk test, and homogeneity of variances
was evaluated using Levene’s test. For both proliferation and SRD5A2 assays, differences
between groups were analyzed using one-way ANOVA, followed by Tukey’s post hoc test
for multiple comparisons. Statistical significance was set at p < 0.05.

2.4. Protective and Regenerative Effects of Elissara in Human Living Scalp Explants

The ex vivo study evaluated biomarkers associated with hair follicle growth, cycling,
extracellular matrix integrity, survival, and oxidative damage, namely β-catenin, Ki67,
Collagen IV, Bcl-2, IGF-1, and protein carbonylation.

2.4.1. Ex Vivo Human Scalp Explant Culture and Experimental Design

Human scalp explants were obtained, with informed consent, from lifting surgery of
a 53-year-old Caucasian female donor without a clinical hair-loss diagnosis (Ref. BIOP-1-
2025-12-16), and kept alive on inert grids in standard 12-well plates supplied by Corning SAS
(Boulogne-Billancourt, France), containing OxiProteomics® culture medium in a humidified
atmosphere with CO2 (5% v/v) at 37 ◦C. The study was conducted by Oxiproteomics (Créteil,
France) in accordance with the Declaration of Helsinki and involved the use of biological
samples derived from human subjects, in accordance with regulations and ethical standards,
approved by the French Minister of Higher Education and Research (AC-2022-5147, last
approval date 3 January 2023). Upon receipt, the test material, Elissara (Monteloeder S.L.,
Elche, Spain), was stored according to the sponsor’s instructions until use.

Scalp explants were distributed into 4 experimental groups (n = 3 explants per group)
and grouped according to the treatment plan (Table 2).

Table 2. Experimental design of the ex vivo scalp explant study.

Batch Description Days 1–3 Day 4 No. of Explants Sampling Time

CTRL Untreated control Culture medium only No stress 3 Day 5
ELS Elissara treatment Elissara at 200 µg/mL No stress 3 Day 5

STRESS Stress control Culture medium only PM2.5 + UVA 3 Day 5
ELS + STRESS Elissara + stress Elissara at 200 µg/mL PM2.5 + UVA 3 Day 5

CTRL, untreated control; ELS, Elissara; STRESS, PM2.5-like particles plus UVA exposure. Elissara
was applied in the culture media once daily during Days 1–3. Samples were collected on Day 5, 24 h
after stress exposure or at the corresponding time point under non-stressed conditions.
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The culture medium was renewed every 24 h. The active ingredient (Elissara) was
diluted in culture medium to a final concentration of 200 µg/mL and maintained in contact
with the explants for 24 h; this treatment was repeated for three consecutive days.

The 200 µg/mL concentration was selected based on the dose previously shown
to be non-cytotoxic and well tolerated in skin explant studies with the same botanical
formulation, allowing direct comparability with earlier preclinical findings [31], rather than
to define the optimal effective concentration in scalp explants.

For stress conditions, explants were topically treated on Day 4 with a solution
(0.375 µg/cm2) containing urban ultra-fine dust (PM2.5-like; ERM-CZ110, certified Eu-
ropean Reference Material) for 30 min and then irradiated with UV-A light (λ = 365 nm;
6 J/cm2) using the OxiProteomics® irradiation system. Two hours after stress exposure,
the medium was replaced with fresh medium without the active ingredient. Twenty-four
hours after the last treatment under baseline conditions, or 24 h after stress exposure under
stressed conditions, explants were collected, embedded in OCT (Cryomatrix™, Thermo
Fisher Scientific, Asnières-sur-Seine, France), and cryopreserved at −80 ◦C until analysis.
To note that this PM2.5/UVA challenge was designed as an acute environmental stress
model to induce measurable damage in scalp explants, rather than to fully reproduce
chronic real-life scalp exposure, which involves repeated low-dose exposure to complex
pollutant mixtures and solar radiation over time.

2.4.2. In Situ Visualization

Scalp sections (5 µm thickness) were obtained using a Leica CM1950 cryostat (Le-
ica Biosystems, Wetzlar, Germany) and subsequently fixed and permeabilized with
Oxiproteomics® solution (OxiProteomics SAS, Créteil, France). In situ protein carbonyla-
tion was detected using a fluorescent probe (Ex = 647 nm/Em = 650 nm) which specifically
binds to carbonyl moieties, as previously described [65]. For immunodetection, non-specific
binding sites were blocked with 3% bovine serum albumin (BSA) in phosphate-buffered
saline (PBS, pH 7.4). Tissue sections were then incubated with the corresponding primary
antibodies diluted in 3% BSA/PBS. After washing with PBS to remove excess primary
antibody, sections were incubated for 1 h with fluorophore-conjugated secondary antibody.
The cellular nuclei were labelled with DAPI (4′,6-diamidino-2-phenylindole). Finally, the
antibody and DAPI excess were removed with a sequence of washing steps with PBS.

The primary antibodies used were rabbit anti-β-catenin (Abcam, ab305261, Cambridge,
UK), rabbit anti-Ki67 (Abcam, ab92742, Cambridge, UK), rabbit anti-collagen IV (Abcam,
ab6586, Cambridge, UK), rabbit anti-IGF-1 (Abcam, ab9572, Cambridge, UK), and rabbit
anti-Bcl-2 (Abcam, ab59348, Cambridge, UK). A goat anti-rabbit Alexa Fluor 647 secondary
antibody was used for fluorescent detection (Invitrogen, A21244, Carlsbad, CA, USA).

2.4.3. Image Analysis and Statistics

Fluorescent images (16-bit, TIFF format) were acquired across the full dynamic range
of the specific signal using an epifluorescence microscope (EVOS M5000 or M7000 Imag-
ing System, Thermo Fisher Scientific, USA) and analyzed with ImageJ (software version
1.53) [66]. Raw images were acquired across the full dynamic range of the specific signal.
For β-catenin, collagen IV, Bcl-2, IGF-1, and carbonylation, signal intensity was quantified
by integrating fluorescence signal over threshold and normalizing it to the evaluated hair
follicle surface area. For Ki67, proliferative activity was expressed as the percentage of Ki67-
positive cells relative to the total number of nuclei within the analyzed follicular region.

For each biomarker, values were normalized to the untreated control group, which was
set at 100%, and data were expressed as mean ± standard deviation (SD) for n = 3 explants
per group. Under stress conditions, the relative effect of Elissara was expressed both as
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percentage change compared with the stress group and, when applicable, as recovery of
the stress-induced alteration. Protective efficacy or recovery of the stress-induced loss was
calculated as: Protective efficacy (%) = [([ELS + STRESS] − STRESS)/(CTRL − STRESS)] × 100.
For biomarkers increased by stress, such as protein carbonylation, protective efficacy was
calculated as the percentage reduction in the stress-induced increase using the formula:
Protective efficacy (%) = [(STRESS − [ELS + STRESS])/(STRESS − CTRL)] × 100.

Statistical analyses were carried out using GraphPad software (version 10.0.3, Graph-
Pad Software, La Jolla, CA, USA) with an unpaired t-test using Welch’s correction. Baseline
comparisons were performed versus the control group, whereas protective-effect compar-
isons were performed versus the stress group, using a 95% confidence interval. The explant
was considered the experimental unit. When multiple images or follicular regions were an-
alyzed from the same explant, values were averaged to obtain one value per explant before
statistical comparison, thereby avoiding pseudo-replication. No outliers were identified
or excluded from the ex vivo datasets based on the IQR method. Values of p < 0.05 were
considered statistically significant, whereas 0.05 ≤ p < 0.10 was reported as a statistical
trend when indicated.

To address the risk of multiple comparisons across the ex vivo biomarker panel, a post-
hoc Benjamini–Hochberg false discovery rate (BH-FDR) correction was applied as a sensitivity
analysis across the 17 pairwise comparisons performed for the six biomarkers evaluated.

Raw p-values are reported in Section 3 and figure legends for consistency with the
predefined pairwise comparisons, whereas BH-adjusted p-values were used to assess the
robustness of the findings.

3. Results
3.1. In Silico Molecular Docking Analysis Results

Individual botanical compounds showed moderate to favorable docking scores across
multiple targets (Table 3).

Table 3. AutoDock Vina (version 1.1.2) docking scores: binding energy (kcal/mol) from molecular
docking simulations.

SRD5A2 SRD5A1 β-Catenin BCL-2 IGF-1R

Reference compounds
Dutasteride −11.93 −10.45 — — —
Finasteride −11.30 −7.20 — — —
Sitosterol −11.13 −8.77 — — —
iCRT14 — — −6.80 — —
Venetoclax — — — −10.60 —
Benzimidazole — — — — −7.53

Botanical compounds
Verbascoside −9.47 −10.37 −6.60 −8.20 −6.80
Quercetin −9.10 −9.17 −6.50 −6.60 −8.00
Hydroxytyrosol −5.80 −5.97 −4.57 −5.20 −5.67
Oleuropein −9.73 −9.63 −6.57 −7.13 −6.17
Carnosic acid −8.70 −8.47 −6.00 −6.63 −6.57
Carnosol −9.20 −8.83 −6.10 −6.97 −6.33

Simultaneous
Multi-ligand
docking

−15.65 −7.05 −15.73 −16.44 −16.43

Values are expressed as kcal/mol. Simultaneous multi-ligand docking values represent exploratory
global outputs obtained when all six botanical compounds were docked simultaneously against a
fixed receptor; they should be interpreted solely as hypotheses of spatial compatibility and not as
evidence of stable co-occupation, experimental binding affinity, or biological synergy. — indicates
compound not tested against this target.
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The most favorable individual profiles were observed for the two 5α-reductase iso-
forms, which are directly involved in androgen metabolism and DHT biosynthesis. For
steroid SRD5A2, all compounds, except hydroxytyrosol, exhibited binding energies be-
tween −8.70 and −9.73 kcal/mol, approaching but not surpassing the reference inhibitor
dutasteride (−11.93 kcal/mol). Oleuropein showed the most favorable binding energy at
this target (−9.73 kcal/mol), followed by verbascoside, carnosol, quercetin, and carnosic
acid. Several of these compounds interacted with residues located within the SRD5A2
catalytic environment. Notably, verbascoside and carnosic acid contacted Glu197, while
Glu57, Arg94, Trp53, Phe118, Phe223, and Leu224 were recurrently involved in the binding
profiles of two or more compounds. The interaction patterns included hydrogen-bonding
and hydrophobic contacts within the catalytic pocket, supporting the structural compat-
ibility of the main Elissara bioactives with this target. As an example of the molecular
docking analyses performed, Figure 1 shows the predicted interaction of finasteride and
selected bioactive compounds present in Elissara with SRD5A2. The predicted docking
poses show their accommodation within the SRD5A2 binding pocket, together with their
corresponding 2D amino acid interaction profiles.

At SRD5A1, verbascoside reached −10.37 kcal/mol, a value close to dutasteride
(−10.45 kcal/mol). Verbascoside showed an extensive predicted interaction network
involving Arg232, Tyr102, Arg176, Lys110, Lys184, Asn198, Glu202, Glu60, Asp169, Tyr199,
and Tyr240, while oleuropein engaged Trp56 and Tyr199, residues associated with the
steroid-binding cavity. Due to the lack of an SRD5A1 crystal structure, docking was
performed using the AlphaFold-predicted model. Therefore, SRD5A1 results should be
interpreted with caution.

Regarding β-catenin, verbascoside, oleuropein, quercetin, carnosic acid, and carnosol
showed binding energies ranging from −6.00 to −6.60 kcal/mol, slightly weaker than the
iCRT14 control (−6.80 kcal/mol). The leading compounds interacted with residues located
within or near the T-cell factor 4 (TCF4)-binding interface, particularly Arg386 and Asn387.
Oleuropein showed the broadest interaction footprint, involving Arg386, Asn387, Asp390,
Ser425, Gly422, Asn426, Lys354, Thr418, and Asp459, whereas quercetin showed a more
compact interaction pattern involving Glu462, Asn387, Arg386, Asp390, and Ser389.

For BCL-2, verbascoside and oleuropein showed the most favorable scores, −8.20 and
−7.13 kcal/mol, respectively, although both remained weaker than venetoclax
(−10.60 kcal/mol). Verbascoside consistently interacted with residues within the BH3-
binding groove, including Asp100, Phe101, Tyr105, Met112, Asn140, Gly142, and Ala146.
These residues contributed to a mixed interaction profile involving polar contacts and
hydrophobic/aromatic stabilization within the BH3 groove. Other compounds maintained
contacts with residues distributed along the hydrophobic groove, including Tyr105, Phe101,
Gly142, Tyr199, and Ala97.

At IGF-1R, quercetin exhibited the most favorable individual docking score
(−8.00 kcal/mol) compared with the benzimidazole reference compound (−7.53 kcal/mol).
Its predicted binding mode involved residues within the kinase-domain environment,
including Met1052, Met1126, Met1112, Asp1056, and Val983.

Of all the Elissara actives, hydroxytyrosol showed the weakest binding energies across
all targets, ranging from −4.57 to −5.97 kcal/mol. This result is consistent with its smaller
molecular size, 154.16 Da, and reduced interaction surface area compared with the other
botanical constituents.
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Figure 1. Single-ligand molecular docking results for finasteride and selected Elissara bioactive
compounds against SRD5A2. Rows correspond to finasteride (A), verbascoside (B), oleuropein (C),
hydroxytyrosol (D), quercetin (E), and carnosic acid (F). For each ligand, the left column shows the
two-dimensional interaction diagram, the middle column shows the predicted docking pose within
the SRD5A2 binding pocket, and the right column shows the ligand position in the whole-protein
surface view. 2D interaction diagrams were generated using PoseView. In these diagrams, directed
interactions between the ligand and protein residues are represented by dashed lines, whereas
hydrophobic contacts are shown as green curved spines near the hydrophobic regions of the ligand
and the interacting residues. Atoms are displayed according to the PoseView color convention, and
residue labels indicate the receptor residues involved in the predicted interactions. The panels show
representative predicted docking poses obtained from the molecular docking analysis.
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When simultaneous multi-ligand docking was performed, global docking outputs of
−15.65, −15.73, −16.44, and −16.43 kcal/mol were obtained for SRD5A2, β-catenin, BCL-2,
and IGF-1R, respectively and were numerically more negative than those obtained for the
corresponding single-reference ligands. However, these values should be interpreted as
an exploratory indicator of structural compatibility rather than as a quantitative measure
of binding affinity or biological synergy. Together, these findings suggest a structurally
compatible multi-ligand arrangement among the Elissara bioactive compounds within
selected binding sites, consistent with the occupation of compatible adjacent subpockets
and preservation of relevant protein–ligand interactions.

For BCL-2, the simultaneous multi-ligand docking assembly broadly occupied the
BH3-binding groove and involved residues such as Arg143, Asn140, Asp100, Met112,
Ala146, Tyr199, Gly142, Tyr105, and Gln96. At SRD5A2, the simultaneous pose suggested
compatible occupation of the predicted catalytic pocket region, with polar contacts involv-
ing Arg114, Gln56, Asn102, Arg103, and Arg227, together with additional interactions
involving Ala62 and Thr126. Regarding the β-catenin/TCF4 interface, simultaneous multi-
ligand docking showed coherent occupation of the interface region, with contacts involving
Asn387, Glu462, and Arg469. For IGF-1R, the compound assembly contacted residues
within the kinase pocket, including Asp1056, Met1112, Val1089, Glu1030, Glu1193, Lys1120,
and Cys1029. The exception was SRD5A1, where the simultaneous presence of all com-
pounds produced a less favorable global docking output of −7.05 kcal/mol. Although
contacts with Arg176, Asp169, Asn198, Tyr199, Phe118, and Leu229 were observed, the
complete ligand assembly did not appear to adopt the same favorable spatial organization
observed for the other targets. This result suggests less favorable co-accommodation of the
complete compound set within the predicted SRD5A1 pocket, possibly due to geometric
constraints or overlapping ligand positions.

Overall, individual docking identified the 5α-reductase isoforms, particularly SRD5A2,
as the most favorable targets for Elissara bioactives, whereas simultaneous multi-ligand
docking highlighted BCL-2, SRD5A2, β-catenin, and IGF-1R as binding sites capable of
accommodating the complete compound set in structurally coherent arrangements.

3.2. In Vitro Efficacy Study in Human Follicle Dermal Papilla Cells

Cytotoxicity evaluation showed that HFDPC viability remained above the prede-
fined non-cytotoxicity threshold at all tested concentrations up to 0.0125% of Elissara®

(Supplementary Figure S1). In contrast, 0.025% and 0.05% reduced viability below 70%
and were therefore considered cytotoxic according to ISO 10993-5:2009 [63]. Based on these
results, 0.002% and 0.006% were selected for subsequent proliferation and SRD5A2 assays.

3.2.1. Cell Proliferation Assay

Dermal papilla cells play a central role in the regulation of hair follicle growth by
controlling keratinocyte proliferation and hair cycle progression [45]. Therefore, stimulation
of dermal papilla cell proliferation is considered a relevant in vitro indicator of hair growth-
supporting potential. In this context, we studied whether Elissara could promote the
proliferation of HFDPC. The results of this study are shown in Figure 2.

One extreme value in the 0.002% group was excluded according to the predefined
IQR criteria before the statistical analysis. Treatment with Elissara® at 0.002% resulted in a
marked increase in cell proliferation, reaching 245.70 ± 95.73% (n = 7), which was signif-
icantly higher than the negative control (p < 0.001). Although no statistically significant
difference was observed between the 0.002% Elissara group and the positive control (EGF;
322.17 ± 87.95%, p < 0.001 vs. negative control), this comparison should be interpreted
with caution due to the relatively high variability within the treatment group. In contrast,
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treatment at 0.006% did not increase proliferation, showing values of 83.66 ± 16.66% (n = 8),
with no significant differences compared to the negative control (p > 0.05).

Figure 2. Effect of Elissara on cell proliferation in human dermal papilla cells (HFDPC). Bar graphs
represent cell proliferation levels, normalized to untreated control, in HFDPC after treatment with Elissara
(ELS) at 0.002% and 0.006% or epidermal growth factor (EGF) at 10 nM for 24 h. Data are presented as
mean ± SD. A single outlier in the 0.002% group was identified and removed using the IQR method before
statistical analysis. Asterisks indicate significant differences vs. untreated control: *** p < 0.001.

3.2.2. Effect of Elissara on 5α-Reductase Type II (SRD5A2)

Steroid 5α-reductase 2 (SRD5A2) plays a central role in the pathogenesis of androge-
netic alopecia (AGA), or common hair loss, by converting testosterone into the more potent
androgen dihydrotestosterone (DHT) within hair follicles. Excessive DHT leads to follicle
miniaturization and, eventually, hair thinning [67].

As shown in Figure 3, the percentage reduction of SRD5A2 levels for each sample is
expressed relative to the testosterone-treated control. HFDPC treated with Elissara showed
a significant reduction of SRD5A2 levels at both tested concentrations. At 0.002%, Elissara
reduced SRD5A2 by 13.82 ± 8.47% compared to testosterone-treated cells (p < 0.05). At
0.006%, this reduction increased to 18.48 ± 5.51% (p < 0.01), suggesting a concentration-
dependent trend under the tested conditions.

Figure 3. Effect of Elissara on 5α-reductase type II (SRD5A2) protein levels in human dermal papilla
cells. Bar graphs represent SRD5A2 levels, normalized to testosterone-treated control, in human
HFDPC after treatment with Elissara (ELS) at 0.002 and 0.006% and finasteride (Fin) at 50 µM for
24 h. Data are presented as mean ± SD. Asterisks indicate significant differences vs. testosterone
control as follows: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Although finasteride showed the greatest reduction (−25.97 ± 4.37%), the difference
between finasteride and Elissara at 0.006% did not reach statistical significance under the
conditions tested (p > 0.05).

Overall, these results indicate that Elissara reduced SRD5A2 protein levels in HFDPC,
suggesting a potential modulation of androgen-related pathways under the experimental
conditions tested.

3.3. Ex Vivo Assessment of the Protective and Regenerative Effects of Elissara in Human
Scalp Explants
3.3.1. Effect of Elissara on β-Catenin Levels

β-catenin, a key effector of the Wnt signaling pathway, is essential for initiating and
maintaining the anagen phase in hair follicles by activating stem cells and regulating follic-
ular morphogenesis [39,40,68,69]. Environmental stressors, such as UVR and pollutants,
can impair follicular homeostasis through oxidative stress and inflammatory responses,
potentially affecting growth-associated signaling pathways such as Wnt/β-catenin [9].
This study evaluated both the ability of Elissara to increase β-catenin levels under basal
conditions and to restore β-catenin levels following stress exposure. As shown in Figure 4,
treatment with Elissara at 200 µg/mL markedly increased β-catenin levels in the hair
bulb region under basal conditions. Elissara significantly increased β-catenin levels to
182.9 ± 8.5% of the untreated control, corresponding to an 82.9% induction compared to
the control group (p < 0.01).

Figure 4. Effect of Elissara on β-catenin levels. Bar graphs represent β-catenin levels, normalized
to untreated control (CTRL), in the hair bulb region of human scalp explants after treatment with
Elissara (ELS) at 200 µg/mL for three consecutive days, in the absence or presence of environmental
stress. Data are presented as mean ± SD of 3 explants per condition. Asterisks indicate significant
differences vs. CTRL: * p < 0.05, ** p < 0.01. Hash symbols indicate significant differences vs. STRESS:
# p < 0.05. Representative images show in situ visualization of β-catenin signal in hair follicles (green),
superimposed on nuclear staining (DAPI, cyan). Images were acquired with a 10× objective. Regions
of interest (ROI) are delineated with dotted lines. Scale bar = 200 µm.

Exposure to environmental stress significantly reduced β-catenin levels to 78.6 ± 4.8%
of the control group (p < 0.05). However, treatment with Elissara counteracted this decrease,
restoring β-catenin levels to 97.4 ± 6.6% of the control value. This effect corresponded
to an 88% protective efficacy and was also statistically significant compared to the stress
group (p < 0.05).

3.3.2. Effect of Elissara on Ki67 Levels

Ki67 is a nuclear protein expressed during active phases of the cell cycle and is
commonly used to assess proliferative activity in hair follicles [46,70]. UV radiation and
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particulate matter can induce oxidative stress and apoptotic responses in hair follicle cells,
potentially reducing proliferative activity [71]. In this context, the percentage of Ki67-
positive cells was evaluated in the hair bulb region as an indicator of follicular proliferative
capacity. The results can be seen in Figure 5.

Figure 5. Effect of Elissara on Ki67-positive cells. Bar graphs represent the percentage of Ki67-positive
cells relative to the total number of nuclei in the hair bulb region of human scalp explants after
treatment with Elissara (ELS) at 200 µg/mL for three consecutive days, in the absence or presence
of environmental stress. Data are presented as mean ± SD of 3 explants per condition. Asterisks
indicate significant differences vs. CTRL: ** p < 0.01. Hash symbols indicate significant differences vs.
STRESS: # p < 0.05. Representative images show in situ visualization of Ki67-positive signal in hair
bulb region (a colour range: low levels in dark, high levels in bright colours) and superimposed on
nuclear staining (DAPI, cyan). Images were acquired with a 10× objective. Regions of interest (ROI)
are delineated with dotted lines. Scale bar = 200 µm.

As shown, treatment with Elissara at 200 µg/mL under basal conditions slightly in-
creased the percentage of Ki67-positive cells, reaching 11.7 ± 1.0% compared to 10.5 ± 1.4%
in the untreated control group. However, this increase was not statistically significant
(p = 0.31). In contrast, environmental stress markedly reduced the percentage of Ki67-
positive cells to 3.9 ± 0.7%, representing a significant decrease compared to the untreated
control group (p < 0.01). Treatment with Elissara counteracted the stress-induced reduction
in Ki67-positive cells, increasing the percentage to 12.6 ± 2.5% (p < 0.05 vs. STRESS).
This represented a 223.1% increase relative to the STRESS group, reflecting the low Ki67-
positive cell percentage observed after PM2.5/UVA exposure. Importantly, the absolute
Ki67 value in the ELS + STRESS group was restored to a range comparable to untreated
control explants.

3.3.3. Effect of Elissara on Bcl-2 Levels

Bcl-2 (B-cell lymphoma 2) plays a critical role in regulating cell survival within hair
follicles. In hair follicles, Bcl-2 is highly expressed in the bulge stem cell compartment and
dermal papilla cells, where it contributes to cell survival and protects against programmed
cell death. Bcl-2 expression varies during the human hair cycle and has been implicated in
follicular survival and hair-cycle transitions [41,42,72]. Also, UV radiation and particulate
matter can trigger oxidative stress and apoptotic responses in hair follicle cells, contributing
to premature follicular regression [11,73].

This study assessed the capacity of Elissara to increase the Bcl-2 levels under basal
conditions and its ability to restore these levels following environmental stress conditions.
As shown in Figure 6, under basal condition treatment with Elissara significantly increased
Bcl-2 levels to 122.1 ± 7.7% of the untreated control, corresponding to a 22% increase
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compared to the control group (p < 0.05). Environmental stress significantly reduced
Bcl-2 levels to 73.4 ± 3.2% of the control group (p < 0.05). However, treatment with
Elissara counteracted this stress-induced decrease, restoring Bcl-2 levels to 124.2 ± 8.8%
of the control value (p < 0.01 vs. STRESS). This represented a 69.2% increase compared
with the STRESS group restoring the Bcl-2 signal to levels comparable to, or slightly
above, those observed in untreated control explants. These findings suggest that Elissara
may support anti-apoptotic or survival-associated signaling in hair follicles exposed to
environmental stress.

Figure 6. Effect of Elissara on Bcl-2 levels. Bar graphs represent Bcl-2 levels, normalized to untreated
control (CTRL), in the hair bulb region of human scalp explants after treatment with Elissara (ELS)
at 200 µg/mL for three consecutive days, in the absence or presence of environmental stress. Data
are presented as mean ± SD of 3 explants per condition. Asterisks indicate significant differences vs.
CTRL: * p < 0.05. Hash symbols indicate significant differences vs. STRESS: ## p < 0.01. Representative
images show in situ visualization of Bcl-2 signal in follicular regions of scalp sections (purple),
superimposed on nuclear detection (DAPI, cyan). Images were acquired with a 10× objective.
Regions of interest (ROI) are delineated with dotted lines. Scale bar = 200 µm.

3.3.4. Effect of Elissara on IGF-1 Levels

IGF-1 (insulin-like growth factor 1) is a key growth factor that regulates cell prolifera-
tion, differentiation, and survival in hair follicles [44]. In hair follicles, IGF-1 is produced by
dermal papilla cells and stimulates matrix keratinocyte proliferation, thereby promoting
hair shaft elongation and maintenance of the anagen phase. IGF-1 also enhances cellular
survival by counteracting apoptotic signals within the follicular microenvironment [43].
IGF-1 has also been reported to induce vascular endothelial growth factor (VEGF) expres-
sion in endothelial cells, suggesting a potential link with vascular support mechanisms
relevant to the follicular microenvironment [74]. Exposure to UV rays directly decreases
the synthesis of IGF-1 in the hair follicle outer root sheath [75].

This study evaluated the ability of Elissara to increase IGF-1 levels under basal condi-
tions and to restore IGF-1 expression following environmental stress. As shown in Figure 7,
under basal conditions, scalp treatment with Elissara increased IGF-1 levels to 109.9 ± 5.1%
of the untreated control, corresponding to a 10% increase, although this effect did not reach
statistical significance (p = 0.06). Under environmental stress, IGF-1 levels were signifi-
cantly reduced to 62.4 ± 4.1% of the control group (p < 0.001). Treatment with Elissara
partially counteracted this stress-induced decrease, restoring IGF-1 immunofluorescence
signal to 92.5 ± 1.3% of the control value (p < 0.01 vs. STRESS). This corresponded to a
48.2% increase compared with the STRESS group and an approximately 80% recovery of
the stress-induced IGF-1 signal loss.
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Figure 7. Effect of Elissara on IGF-1 levels. Bar graphs represent IGF-1 levels, normalized to untreated
control (CTRL), in the hair bulb region of human scalp explants after treatment with Elissara (ELS)
at 200 µg/mL for three consecutive days, in the absence or presence of environmental stress. Data
are presented as mean ± SD of 3 explants per condition. Asterisks indicate significant differences vs.
CTRL: ** p < 0.01. The symbol § indicates a statistical trend vs. CTRL: § p < 0.10. Hash symbols indicate
significant differences vs. STRESS: ## p < 0.01. Representative images show in situ IGF-1 signal in the
follicular region of scalp sections visualized as a colour intensity range (low levels in dark, high levels in
bright colours) and superposed to the nuclear detection (DAPI, cyan). Images were acquired with a 10×
objective. Regions of interest (ROI) are delineated with a dotted line. Scale bar = 200 µm.

3.3.5. Effect of Elissara on Collagen IV Levels

Collagen IV is a major structural component of the basement membrane that provides
mechanical support and regulates cell–matrix interactions in hair follicles [47,48]. In hair
follicles, it is primarily localized at the dermal–epidermal junction and around the outer
root sheath, where it maintains structural integrity and supports follicular anchorage. UV-
induced oxidative stress may compromise basement membrane integrity by promoting
matrix-degrading activity, including MMP-mediated remodeling. In particular, MMP-2 and
MMP-9 can degrade type IV collagen and other basement membrane components [76,77].
Therefore, disruption of type IV collagen after environmental stress may weaken the
follicular basement membrane and impair follicular architecture and stability.

As shown in Figure 8, treatment with Elissara at 200 µg/mL under basal conditions
increased collagen IV levels to 173.0 ± 11.9% of control (p < 0.01). Environmental stress
reduced collagen IV levels to 70.0 ± 5.9% of control (p < 0.05), whereas Elissara restored
levels to 135.4 ± 21.8% of control (p < 0.05 vs. STRESS), corresponding to a 93.4% increase
compared with the STRESS group. This indicates recovery of the stress-induced reduction
in collagen IV signal, with levels exceeding those observed in untreated control explants
and suggesting preservation of basement membrane-associated matrix components.

3.3.6. Effect of Elissara on Carbonylation Levels

Protein carbonylation is a marker of irreversible oxidative damage that occurs primar-
ily when proteins are modified by reactive oxygen species [50,78]. In hair-related structures,
increased protein carbonylation reflects oxidative damage to structural and functional
proteins, which may compromise hair fibre integrity and follicular function [49,50]. UV-
radiation and pollutants significantly increase protein carbonylation by generating ROS,
thereby compromising follicular integrity and potentially promoting premature hair follicle
regression [49,79].

https://doi.org/10.3390/biom16081207

https://doi.org/10.3390/biom16081207


Biomolecules 2026, 16, 1207 19 of 29

Figure 8. Effect of Elissara on collagen IV levels. Bar graphs represent collagen IV levels, normalized
to untreated control (CTRL), in the hair bulb region of human scalp explants after treatment with
Elissara (ELS) at 200 µg/mL for three consecutive days, in the absence or presence of environmental
stress. Data are presented as mean ± SD of 3 explants per condition. Asterisks indicate significant
differences vs. CTRL: * p < 0.05, ** p < 0.01. Hash symbols indicate significant differences vs. STRESS:
# p < 0.05. Representative images show collagen IV signal in the follicular region of scalp sections
(yellow), superimposed on nuclear staining (DAPI, cyan). Images were acquired with a 10× objective.
Regions of interest (ROI) are delineated with a dotted line. Scale bar = 200 µm.

As shown in Figure 9, exposure to environmental stress significantly increased protein
carbonylation levels to 155.8 ± 23.4% of the untreated control group (p < 0.05), confirming
the oxidative impact of PM2.5 and UV-A radiation on human scalp explants.

Figure 9. Effect of Elissara on carbonylation levels. Bar graphs represent carbonylation levels,
normalized to untreated control (CTRL), in the hair bulb region of human scalp explants after
treatment with Elissara (ELS) at 200 µg/mL under environmental stress conditions. Data are presented
as mean ± SD of 3 explants per condition. Asterisks indicate significant differences vs. CTRL: * p < 0.05.
Hash symbols indicate significant differences vs. STRESS: # p < 0.05. Representative images show
carbonylation signal in the follicular region of scalp sections (red), superimposed on nuclear staining
(DAPI, cyan). Images were acquired with a 10× objective. Regions of interest (ROI) are delineated
with a dotted line. Scale bar = 200 µm.

Treatment with Elissara markedly reduced the stress-induced increase in protein
carbonylation, lowering the signal to 77.7 ± 11.6% of the untreated control group (p < 0.05
vs. STRESS). This indicates that Elissara prevented the stress-induced increase in oxidative
protein damage, reducing carbonylation levels below those observed in untreated control
explants. Overall, these results show that Elissara protects human scalp explants against
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oxidative protein damage induced by environmental stress, supporting its antioxidant
protective effect at the follicular level.

4. Discussion
The present study provides a preclinical assessment of the follicle-related and stress-

protective effects of Elissara, a botanical nutricosmetic ingredient, using complementary
in silico, in vitro, and ex vivo approaches. Overall, the findings suggest that Elissara may
influence several biological processes relevant to hair follicle homeostasis and resilience,
including androgen-related pathway modulation, dermal papilla cell activity, Wnt/β-
catenin-associated signaling, follicular cell survival, extracellular matrix integrity, and
protection against oxidative damage. Rather than indicating a single dominant mecha-
nism, these results support a multi-target profile in which Elissara may contribute to the
preservation of follicular function under both basal and environmental stress conditions.

Hair loss and hair thinning are multifactorial processes involving the interaction of hor-
monal regulation, genetic predisposition, follicular cycling, inflammation, oxidative stress,
extracellular matrix remodeling, and environmental exposure [1]. Although androgenetic
alopecia is classically driven by androgen-dependent follicular miniaturization, mainly
through the action of DHT in genetically susceptible follicles [6,7], increasing evidence
indicates that exposome-related factors, including ultraviolet radiation, airborne pollutants,
oxidative stress, and inflammation, can further impair follicular homeostasis and accelerate
hair fiber weakening or shedding [8,13–15]. In this vein, oral botanical and nutraceutical
ingredients with multi-target activity may be particularly relevant, as they can simultane-
ously address different pathways involved in hair growth and retention. This multi-target
rationale has been applied in oral hair-support formulations combining anti-androgenic
botanicals such as Serenoa repens, pumpkin seed oil, β-sitosterol, and Pygeum africanum;
antioxidant and anti-inflammatory compounds such as curcumin and tocotrienols; adapto-
gens such as ashwagandha; and bioavailability-enhancing compounds such as piperine and
capsaicin [80]. Other oral formulations combine L-cystine, Serenoa repens, Cucurbita pepo,
Pygeum africanum, vitamins, and micronutrients in androgenetic alopecia and chronic telo-
gen effluvium [81]. In addition, marine protein complex-based supplements combined with
horsetail-derived silica, acerola/vitamin C, biotin, zinc, and other micronutrients have been
clinically evaluated for promoting terminal hair growth and reducing shedding in women
with self-perceived thinning hair [82]. In this context, Elissara, a standardized blend of
Lippia citriodora, Olea europaea, Sophora japonica, and Rosmarinus officinalis extracts, providing
a characteristic profile of bioactive compounds (verbascoside, oleuropein, hydroxytyrosol,
quercetin, carnosic acid, and carnosol), aligns with a multi-target approach [23].

Previous studies with this ingredient demonstrated protective activity against
pollution- and UV-induced oxidative stress, inflammatory responses, and AhR-related
pathways in skin models [31,32]. In addition, oral supplementation with Elissara for 12
weeks improved scalp moisturization and reduced TEWL, sebum levels, and redness, while
also improving self-perceived hair quality and brightness in women exposed to urban
environments [33]. However, until now, no study had examined whether these benefits
extend to direct modulation of follicular signaling pathways. The present study provides
initial mechanistic evidence supporting this possibility, thereby extending the rationale for
Elissara from a skin- and scalp-protective ingredient toward a nutricosmetic ingredient
capable of supporting follicular health and resilience under environmental stress.

A key finding of this study is the coherence between computational predictions and ex-
perimental outcomes. Individual molecular docking showed that most of the representative
Elissara bioactives exhibited moderate to favorable binding energies against the selected
targets. The most favorable individual profiles were observed for the 5α-reductase isoforms,
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particularly SRD5A2, which is directly involved in the conversion of testosterone into DHT,
a key mediator of follicular miniaturization in androgenetic alopecia. Most compounds,
except hydroxytyrosol, showed binding energies ranging from −8.70 to −9.73 kcal/mol,
approaching but not surpassing the reference inhibitors dutasteride (−11.93 kcal/mol), and
finasteride (−11.30 kcal/mol), suggesting a potential modulatory activity at this critical
enzyme. The predicted interaction patterns revealed that several compounds engaged key
catalytic residues, including Glu197, Arg94, Trp53, Phe118, Phe223, and Leu224, which are
known to be involved in substrate recognition and enzymatic function [55]. Among the
botanical constituents, oleuropein exhibited the most favorable individual docking score
against SRD5A2 (−9.73 kcal/mol), consistent with previous studies suggesting its potential
as a 5α-reductase modulator and as an inducer of anagen-phase hair growth in telogen
mouse skin [37]. In addition, simultaneous multi-ligand docking suggested that the active
constituents could be accommodated within the SRD5A2 binding region in structurally
plausible arrangements, although these results should be interpreted qualitatively and
cannot be considered evidence of additive affinity or biological synergy.

At the cellular level, Elissara significantly reduced SRD5A2 levels in HFDPC, with
the greatest reduction observed at 0.006%. Although finasteride produced the numerically
strongest reduction, the difference between finasteride and Elissara at 0.006% did not
reach statistical significance under the experimental conditions tested. This should not
be interpreted as pharmacological equivalence, particularly because the present assay
only quantified SRD5A2 protein levels. Nevertheless, the convergence between docking
predictions and SRD5A2 protein modulation supports the hypothesis that Elissara may
influence androgen-related follicular pathways implicated in follicular miniaturization.
Further studies assessing enzymatic activity and DHT production would be needed to
confirm this mechanism.

In addition to SRD5A2, the docking analyses also suggested potential interaction of
several bioactives with SRD5A1. This observation is relevant when considering previous
clinical findings showing reduced skin and scalp sebum levels after Elissara supplementa-
tion in subjects with oily skin type [33]. SRD5A1 is highly expressed in sebaceous glands
and contributes to local DHT formation involved in sebaceous activity and sebum produc-
tion [83]. The previously observed normalization of skin and scalp sebum may be partly
due to modulation of androgen metabolism involving SRD5A1 in sebaceous structures
and SRD5A2 in dermal papilla cells. Nevertheless, the SRD5A1 docking results should be
interpreted with caution because this target was evaluated using an AlphaFold-predicted
structure and SRD5A1 activity was not experimentally assessed in the present study. Fur-
ther enzymatic assays are required to confirm whether Elissara or its individual constituents
directly affect SRD5A1 activity.

Dermal papilla cells are essential regulators of epithelial–mesenchymal interactions,
matrix keratinocyte proliferation, and hair cycle progression; thus, the stimulation of
their proliferative capacity is considered a relevant indicator of hair growth-supporting
potential [45]. Our in vitro proliferation assay showed that Elissara significantly increased
BrdU incorporation in HFDPC at 0.002%, whereas the higher tested concentration (0.006%)
did not induce proliferation. This non-concentration-dependent pattern is consistent with
a hormetic, biphasic dose–response. This phenomenon has been described for numerous
phytochemicals and botanical extracts [84], including several agents previously reported
to stimulate hair growth and dermal papilla cell proliferation, where low concentrations
promote proliferation while higher concentrations are neutral or inhibitory [85]. However,
the relatively large variability observed in the 0.002% group highlights the need for broader
dose–response studies.
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The concentration-dependent proliferative response observed in HFDPC was also
relevant when interpreting the ex vivo Ki67 and IGF-1 findings. The proliferation marker
Ki67 and the growth factor IGF-1 exhibited a similar trend in scalp explants. Under basal
conditions, Elissara produced modest, non-significant increases in Ki67-positive cells and
IGF-1 levels (p = 0.31 and p = 0.06, respectively). In contrast, PM2.5/UVA exposure markedly
reduced both parameters. Notably, Elissara counteracted these stress-induced reductions,
restoring Ki67-positive cells to values comparable to or slightly above those observed in
untreated control explants and partially restoring IGF-1 levels (80% of the loss induced by
stress). Therefore, the recovery of both markers under PM2.5/UVA stress supports the idea
that Elissara may help preserve a growth-supportive follicular microenvironment under
environmental challenge.

The limited effects observed under basal conditions may reflect the fact that prolifera-
tive activity and IGF-1-associated signaling in healthy explants are already in a physiologi-
cal range, leaving limited room for further stimulation. On the contrary, environmental
exposure created a wider margin in which a protective effect could be detected. This
interpretation is biologically coherent because Ki67 reflects proliferative activity [46], which
can be suppressed by oxidative or UV-related stress [71], whereas IGF-1 is a dermal papilla-
derived growth factor involved in matrix keratinocyte proliferation, hair shaft elongation,
anagen maintenance, and potential vascular support mechanisms [43,44,74,75].

On the other hand, the modest basal effects on Ki67 and IGF-1 may also be related to
the use of a single ex vivo concentration, which may not have matched the optimal range
for stimulating these markers under unstressed conditions. This possibility is consistent
with the HFDPC proliferation assay, where Elissara increased proliferation at 0.002% but
not at 0.006%, suggesting a non-linear response that should be further explored in ex vivo
dose–response studies.

Beyond proliferation and growth factor-related markers, β-catenin showed one of
the clearest responses to Elissara treatment, supporting the role of this botanical blend in
growth-associated follicular signaling. β-catenin is a core effector of the Wnt pathway and
is essential for anagen initiation, follicular stem cell activation, and hair follicle morpho-
genesis [39,40,68,69]. In the present study, Elissara increased β-catenin levels under basal
conditions and largely restored them following PM2.5/UVA-induced stress.

These findings are consistent with the in silico observations and are coherent with the
activity previously described for some individual constituents of the blend. For example,
oleuropein has been shown to increase β-catenin expression and nuclear accumulation
in dermal papilla cells, together with the upregulation of key Wnt-related targets and
follicular growth factors [37]. Other constituents, such as carnosic acid and verbascoside,
may further contribute indirectly to the preservation of β-catenin-associated signaling
by reducing oxidative, inflammatory, or androgen-related stress in the follicular microen-
vironment [35,86]. A similar pattern was observed for Bcl-2, an anti-apoptotic protein
highly expressed in the bulge stem cell compartment and dermal papilla, where it pro-
tects follicular cells from programmed cell death. By inhibiting mitochondrial apoptotic
pathways, Bcl-2 helps maintain follicular cell viability and supports the persistence of
the anagen phase [42,72]. Altered Bcl-2 expression and apoptosis-related signaling have
been described in alopecia areata and androgenetic alopecia, supporting the relevance of
survival pathways in hair loss-associated conditions [87,88]. In addition, UV radiation and
particulate matter can trigger oxidative stress and apoptotic responses in hair follicle cells,
contributing to premature follicle regression [11,73]. In this study, Elissara increased Bcl-2
levels under basal conditions and restored Bcl-2 signal after PM2.5/UVA-induced stress.
These findings suggest that Elissara may reinforce anti-apoptotic defenses within the fol-
licular microenvironment, particularly under oxidative or inflammatory stress conditions.
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These results are consistent with the antioxidant and anti-inflammatory properties of its
active compounds, including hydroxytyrosol, oleuropein, verbascoside, quercetin, carnosic
acid, and carnosol [26,30,89,90]. They are also in agreement with previous studies reporting
hair-protective effects of several of these bioactive compounds. For instance, verbascoside
has been shown to prevent testosterone-induced apoptosis in human dermal papilla cells,
while also promoting dermal papilla cell proliferation and reducing the release of inflam-
matory mediators [35]. Hydroxytyrosol has been reported to protect dermal papilla cells
under oxidative stress by reducing intracellular ROS, apoptotic markers, and inflammation,
while enhancing cell survival through autophagy regulation [34]. In addition, quercetin
was recently shown to rescue DHT-treated human dermal papilla cells by preserving mi-
tochondrial function, reducing oxidative damage, and suppressing apoptosis/autophagy
through SHP2/AKT signaling [38]. Altogether, these findings provide a mechanistic con-
text for the restoration of Bcl-2 levels observed in the present study, suggesting that Elissara
may support follicular cell survival through the combined anti-apoptotic, antioxidant, and
anti-inflammatory actions of its polyphenolic constituents.

The preservation and basal increase of collagen IV in scalp explants provides further
mechanistic understanding into the follicular protective activity of Elissara. Collagen IV
is a major structural component of the follicular basement membrane, essential for the
integrity of the epithelial–mesenchymal interface and the maintenance of the hair follicle
stem cell niche [47,48]. Collagen IV and its remodeling are functionally relevant to hair
follicle cycling, and type IV collagenase activity has been associated with regulation of hair-
cycle-related mediators such as VEGF, IGF-1, and TGF-β [91]. UV radiation and particulate
matter can induce extracellular matrix (ECM) remodelling through the activation of matrix
metalloproteinases (MMPs). In this sense, MMP-2 and MMP-9 are particularly relevant
because they act as collagenases/gelatinases capable of degrading type IV collagen and
other basement membrane components [77]. Since MMP-2 and MMP-9 are involved in hair
follicle matrix remodeling during the hair cycle, their stress-induced dysregulation may
compromise collagen IV preservation, disrupt epithelial–mesenchymal interactions, and
weaken the ECM scaffold supporting follicular architecture [47,48,91].

The restoration of collagen IV observed after environmental exposure by Elissara in
this study is consistent with the documented ability of some of its bioactives to reduce
MMP activity. For instance, oleuropein and hydroxytyrosol have been shown to moderately
inhibit collagenase and elastase activity in skin fibroblasts [92], and a combination of these
two compounds with verbascoside has recently been reported to reduce MMP-1 and MMP-
9 expression in UV-irradiated skin cells through coordinated MAPK/NF-κB inhibition
and Nrf2 activation [93]. Quercetin has similarly been reported to suppress UV-induced
MMP activity in human skin tissues [94]. Beyond MMP inhibition, the basal increase
in collagen IV observed in unstressed explants suggests that Elissara may also favour
extracellular matrix maintenance or synthesis. In support of this interpretation, olive-
derived polyphenols, including oleuropein and hydroxytyrosol, have been associated with
stimulation of collagen synthesis in fibroblast models [92].

These findings may also provide a plausible mechanistic context for the improvements
in skin firmness and wrinkle appearance previously reported in subjects supplemented
with Elissara [32,33], since the same collagen-protective pathways operating at the follicular
basement membrane level may contribute more broadly to dermal collagen homeostasis.
However, this connection remains hypothetical, and dedicated studies specifically designed
to assess dermal collagen synthesis, MMP activity, and basement membrane remodelling
would be needed to confirm this mechanism.

The prevention of environmental stress-induced protein carbonylation represents
the most direct antioxidant readout observed in the present study. Protein carbonylation
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is an irreversible marker of oxidative protein damage that has been linked to hair shaft
deterioration and impaired follicular function [49,50]. The ability of Elissara to prevent
the stress-induced increase in carbonylation, reducing the signal below untreated control
levels, is particularly consistent with previous evidence obtained with the same botanical
formulation, formerly developed as Zeropollution®. In previous preclinical studies, this
ingredient reduced intracellular ROS generation in keratinocytes exposed to UV radiation
and particulate matter, and decreased malondialdehyde (MDA), a marker of lipid peroxida-
tion, in skin explants exposed to pollution-related stress [31]. In addition, previous clinical
studies showed that oral supplementation with this botanical blend improved antioxidant
status, as reflected by increased FRAP/FRAS values in skin and saliva, respectively [32,33].
Therefore, the present reduction in protein carbonylation extends the antioxidant activity
previously demonstrated in follicular regions of the scalp explant model.

In summary, the present study suggests that Elissara may exert its biological activity
through three complementary mechanisms: modulation of androgen-related pathways,
preservation of hair follicle growth and survival signaling, and protection of the follicular
microenvironment against exposome-induced oxidative stress and extracellular matrix
damage. Specifically, Elissara reduced SRD5A2 protein levels in dermal papilla cells, pre-
served β-catenin- and Bcl-2-associated signals, maintained collagen IV within the follicular
niche, and reduced oxidative damage under environmental stress conditions. Taken to-
gether, these findings provide new insights into the mechanisms underlying the effects of
Elissara, expanding its established role from a purely skin and scalp-protective ingredient
to a promising nutricosmetic agent capable of actively supporting hair follicle homeostasis
and stress resilience.

Because Elissara is a pre-established, standardized botanical blend, the present study
was not designed as a formulation-optimization or synergy-testing study. Rather, it aimed
to determine whether this defined botanical combination could influence biological path-
ways relevant to hair follicle homeostasis. Therefore, isolated compounds and pairwise
combinations were not tested, and the contribution of individual constituents or potential
additive or synergistic interactions remains to be determined in future studies.

Nevertheless, some limitations should be considered. First, the molecular docking
and simultaneous multi-ligand docking analyses should be interpreted as exploratory
and hypothesis-generating, rather than direct evidence of biological activity or biolog-
ical synergy. In addition, docking against the SRD5A1 isoform was performed using
an AlphaFold-predicted structure, and its potential modulation was not confirmed by
functional assays.

Second, the SRD5A2 study in HFDPC did not directly assess enzymatic activity or
dihydrotestosterone (DHT) production. Future studies should therefore include specific
enzymatic assays and DHT quantification to better characterize the androgen-related effects
of Elissara against both 5α-reductase isoforms.

Furthermore, the in vitro experiments were conducted using a limited range of con-
centrations, and optimal dose–response relationships remain to be established. In addition,
the ex vivo study was conducted at a single concentration selected based on prior skin
explant studies. Whether this represents the optimal effective concentration for follicular
biomarkers in scalp tissue remains to be determined, and dose–response studies in this
model would be needed. Also, the use of scalp explants from a single donor further limits
the generalizability of the findings, as inter-individual variability was not captured related
to age, sex, hormonal status, or hair-loss phenotype. However, the coherent results ob-
served across the evaluated biomarkers support the robustness of the experimental findings
and provide a rationale for further investigation in larger, donor-diverse studies.
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Finally, although this study provides mechanistic evidence through relevant biomarker
modulation, it does not include direct evaluation of clinical hair growth outcomes. Therefore,
clinical studies are warranted to determine whether oral supplementation with Elissara
translates into measurable benefits in individuals experiencing hair thinning or early-stage
hair loss, including improvements in the anagen–telogen ratio, hair density, and hair shedding.

5. Conclusions
The study provides preclinical evidence that Elissara® may influence several biological

pathways relevant to hair follicle homeostasis and resilience, including androgen-related
pathway modulation, dermal papilla cell activity, growth-associated signaling, follicular
cell survival, extracellular matrix integrity, and protection against oxidative damage. Rather
than acting through a single mechanism, this botanical blend appears to exert a multi-target
profile that extends its previously described scalp and skin benefits toward the preservation
of hair follicle function under basal and acute environmental stress conditions. These
findings highlight the potential of Elissara® as a promising nutricosmetic ingredient for
maintaining follicular homeostasis and supporting scalp and hair health. Further clinical
evaluation would be needed to determine whether these preclinical findings translate into
measurable benefits in individuals experiencing hair thinning or increased hair shedding.
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